Callus cultures of Nicotiana tabacum var. Coker 319 pith tissue were initiated and maintained on either Murashige and Skoog medium (11) or on Fox medium (5) with 1% agar at 25°C for 3 to 18 months. Suspension cultures of the tobacco cells were prepared by pressing 2 to 3 g of tissue through a wire screen (12 mesh/inch) and transferring the resulting cell clumps to 100 ml of liquid Fox medium. After 1 to 2 days of growth on a shaker at 25°C, a known concentration of bacteria (final concentration, between 5 x 103 and 2 x 104 bacteria per ml) was introduced into either the carrot or tobacco suspension cultures. Samples were removed at various times and filtered through Miracloth (Calbiochem), which allows the passage of bacteria but not whole plant cells. The filtrate was diluted 10-fold and mixed in a Vortex mixer, and 0.1-ml samples from each test were plated on three to six petri plates. For tests of attachment of various strains, time courses were run from 0 to 300 min. The plant cells were resuspended in phosphate-buffered saline and homogenized for 30 s at top speed in a sterile Waring blender, and the number of bacteria present was determined by viable cell counts. (Homogenization in a Waring blender does not affect the viable cell count of Agrobacterium cultures.) Light microscope examination of the mixture of bacteria and plant cells showed many free bacteria and, with virulent bacterial strains, some bacteria on the cell walls of the tobacco or carrot cells. Few bacterial aggregates were seen. Photomicrographs of living cells were taken with a Zeiss photoscope. The number of plant cells per ml was determined in a 516
attachment of virulent strains.
The infection of a wound on a dicotyledenous plant by Agrobacterium tumefaciens results in the formation of a tumor at the wound site. The fiLrst step in the process of tumor formation has been shown to be the attachment of the bacterium to a wound site (8) . The reproducible transformation by Agrobacterium of normal plant cells in tissue culture to tumor cells has not yet been achieved. As a first step in obtaining this transformation in tissue culture, we have examined the attachment of Agrobacterium to normal tobacco and carrot cells growing in liquid suspension cultures.
MATERIALS AND METHODS
Bacteria were grown to stationary phase in O.8K7 nutrient broth, 0.5/. sucrose, and 0.1 yeast extract (8) . Viable cell counts were determined by dilution in phosphate-buffered saline (Na2HPO, 7 g/liter; KH2PO4, 3 15955, the American Type Culture Collection; and strains C58, NT1, and A178, M. D. Chilton (11) or on Fox medium (5) with 1% agar at 25°C for 3 to 18 months. Suspension cultures of the tobacco cells were prepared by pressing 2 to 3 g of tissue through a wire screen (12 mesh/inch) and transferring the resulting cell clumps to 100 ml of liquid Fox medium. After 1 to 2 days of growth on a shaker at 25°C, a known concentration of bacteria (final concentration, between 5 x 103 and 2 x 104 bacteria per ml) was introduced into either the carrot or tobacco suspension cultures. Samples were removed at various times and filtered through Miracloth (Calbiochem), which allows the passage of bacteria but not whole plant cells. The filtrate was diluted 10-fold and mixed in a Vortex mixer, and 0.1-ml samples from each test were plated on three to six petri plates. For tests of attachment of various strains, time courses were run from 0 to 300 min. The plant cells were resuspended in phosphate-buffered saline and homogenized for 30 s at top speed in a sterile Waring blender, and the number of bacteria present was determined by viable cell counts. ( ber of bacteria in the plant cell-free filtrate was gradually reduced due to attachment of the bacteria to the plant cells ( Fig. 1 and 2 ; Table 1) . After a lag time of 2 to 4 h the bacteria began to grow. This growth masked any further reduction in the number of free bacteria. Both the disappearance of the free bacteria and the rate of bacterial growth were dependent on the presence of the tobacco cells in the culture medium (Fig. 1) . The bacteria which were not recovered from the plant cell-free fitrate of the medium could be recovered from a homogenate of the plant cells retained by the filter (Table 1) , suggesting that these bacteria were attached to the tobacco cells.
Bacterial strain specificity of attachment. Virulent strains ofA. tumefaciens contain a large (ca. 120 x 10' daltons) plasmid (17) . The presence of this tumor-inducing (Ti) plasmid is required for virulence of agrobacteria (12, 14, 17) , and DNA sequences complementary to Ti plasmid DNA have been found in bacteria-free tumor cells (3, 10) . The ability ofAgrobacterium strains to attach to tobacco tissue culture cells appears to correlate with the presence of the Ti plasmid in the strains surveyed ( Fig. 2 (9), which has some sequence homology with the Ti plasmid from C58 (as judged by hybridization with the C58 Ti plasmid, Matthysse, unpublished data). Avirulent strain NT1 was derived by curing the virulent strain C58 of its Ti plasmid (14) . The virulent strain, A178, was obtained by reintroducing the Ti plasmid from strain K27 into an anti-
biotic-resistant derivative of NT1 (14) . Both strains C58 and A178 attach to tobacco tissue culture cells, but no significant attachment by NT1 was observed. Thus, the ability of various strains of Agrobacterium to show significant attachment to tobacco tissue culture cells correlates with the presence of the Ti plasmid in these strains, suggesting that the products of some gene or genes on the plasmid are required for this attachment.
The attachment of A. tumefaciens A6, K14, TR1, C58, NT1, and A178 to carrot suspension cultures was also measured ( Table 3 ). The results were similar to those obtained with tobacco cells. Virulent strains A6, C58, K14, and A178 all showed a greater degree of attachment than did the avirulent strains NT1 and TR1.
Light and electron microscopic observations confirmed that virulent bacteria attached to carrot cells, whereas avirulent bacteria showed very little attachment. Figure 3 shows photomicrographs of living carrot cells incubated with virulent or avirulent bacteria for 20 h. After incubation with avirulent bacterial strains NT1 and TR1, carrot cells had few adherent bacteria (Fig.  3A and C) . In contrast, Fig. 3B, D , and E show that virulent strains A6 and C58 attached to the surface of the carrot cells singly or often in large clusters. At higher magnification, scanning electron microscopy of carrot cells fixed and dehydrated after incubation with the virulent bacterial strain K14 also showed large clusters of adherent bacteria on the cell surface. Although the carrot cells were partially collapsed (Fig. 4A) and the cell surface appeared somewhat convoluted (Fig.  4B) , probably due to dehydration, the bacteria appeared well-preserved. Large clusters of smooth-walled bacterial cells of uniform diameter but irregular length were found on the surface of most of the cells in the culture (Fig. 4A  to D) . Occasionally, long, curved, single, polar flagellae were observed projecting from the end of the bacterial cells ( Fig. 5A and B) .
Role of bacterial LPS. Whatley et al. (16) have shown that LPS extracted from virulent strains of agrobacteria inhibits tumor formation by the bacteria if applied to wounded bean leaves 15 min before the application of the bacteria. Therefore, the effect of LPS on the attachment of A. tumefaciens A6 to tobacco tissue culture cells was examined (Table 4) . Similar to the results of Whatley et al. (16) for whole plants, LPS extracted from the virulent strains A6 and C58 inhibited the attachment of the bacteria to tobacco cells, whereas LPS from the avirulent strain 6467 had no effect on this attachment. LPS from the avirulent strain NT1 inhibited tumor formation in whole plants (16) and attachment to tissue culture cells (Table 4 (8) did not increase the ability of the bacteria to attach to the tobacco cells.) LPS from the avirulent strain NT1 inhibited tumor formation in whole plants (16) and attachment to tissue culture cells (Table 4) . This result combined with the fact that NT1 does not show the degree of attachment to tissue culture cells shown by virulent strains suggests that LPS may not be the only bacterial substance involved in the attachment of virulent strains to tissue culture cells. The genes for the production of the proper LPS for inhibition of bacterial attachment appear to be chromosomal, although at least one of the genes for the additional requirements for the higher degree of attachment to tissue culture cells shown by virulent strains appears to be on the plasmid.
